This paper is the second part of the description of the first stage of the SatBałtyk project's implementation. Part 1 (Woźniak et al. 2011 , in this issue) presents the assumptions and objectives of SatBałtyk and describes the most important stages in the history of our research, which is the foundation of this project. It also discusses the operation and general structure of the SatBałtyk system. Part 2 addresses various aspects of the practical applicability of the SatBałtyk Operational System to Baltic ecosystem monitoring. Examples are given of the Baltic's characteristics estimated using the preliminary versions of the algorithms in this Operational System. At the current stage of research, these algorithms apply mainly to the characteristics of the solar energy influx and the distribution of this energy among the various processes taking place in the atmosphere-sea system, and also to the radiation balance of the sea surface, the irradiance conditions for photosynthesis and the condition of plant communities in the water, sea surface temperature distributions and some other marine phenomena correlated with this temperature. Monitoring results obtained with these preliminary algorithms are exemplified in the form of distribution maps of selected abiotic parameters of the Baltic, as well as structural and functional characteristics of this ecosystem governed by these parameters in the Baltic's many basins. The maps cover practically the whole area of the Baltic Sea. Also given are results of preliminary inspections of the accuracy of the magnitudes shown on the maps. In actual fact, the errors of these estimates are relatively small. The further practical application of this set of algorithms (to be gradually made more specific) is therefore entirely justified as the basis of the SatBałtyk system for the effective operational monitoring of the state and functioning of Baltic ecosystems. This article also outlines the plans for extending SatBałtyk to include the recording of the effects and hazards caused by current and expected storm events in the Polish coastal zone.
Introduction
The present article (Part 2) brings to a close the summary of the results of the first year and a half of SatBałtyk's implementation. Planned to run for 5 years, the project is to end on 31 December 2014. The final result of the project is to be the creation and setting in motion of the SatBałtyk Operational System (SBOS 1 ), the aim of which is to monitor effectively and comprehensively the state of the Baltic Sea environment using remote sensing techniques. As already explained in Part 1 (see Woźniak et al. 2011, in this issue) , the SatBałtyk project is being realized by the SatBałtyk Scientific Consortium, specifically appointed for this purpose, which associates four scientific institutions: the Institute of Oceanology PAN in Sopot -coordinator, the University of Gdańsk (Institute of Oceanography), the Pomeranian University in Słupsk (Institute of Physics) and the University of Szczecin (Institute of Marine Sciences).
In Part 1 of this two-part paper we described the assumptions and objectives of the SatBałtyk project and presented a resumé of the history of the research done by its authors, who laid the foundations for this project. We also described the way in which SatBałtyk functions and the scheme of its overall operational system. In Part 2 we discuss various aspects of the practical applicability of SBOS to the monitoring of the Baltic ecosystem. With this in mind we present some examples of the test measurements of the various characteristics of the Baltic obtained using the current version of SBOS, including algorithms and models that are still in an unfinished state. They are mainly distribution maps for the whole Baltic of crucial abiotic parameters of the marine environment, and of a number of structural and functional properties of this sea dependent on these parameters. These magnitudes are significant with regard to the study of 5 sets of phenomena and processes, some of the most important themes in contemporary marine science:
1. The influx and distribution of the solar radiation energy consumed during various processes in the atmosphere-sea system.
2. The radiation balance of the sea surface.
3. The optical conditions in which photosynthesis of organic matter takes place and the condition of marine plant communities.
4. Distributions of sea surface temperature (SST) and the links between this temperature and various phenomena occurring in the sea.
5. Hazards and effects due to storm states in the coastal zone of the sea.
The point of presenting the first two of these sets of processes is to demonstrate that with the aid of remote sensing techniques it is possible to effectively (on a large scale -the whole Baltic and even the whole Earth) monitor all the processes, stimulated by the Sun's life-giving radiation, governing the existence and functioning of ecosystems and shaping the Earth's climate. A simplified scheme of these processes is shown in Figure 1 : it illustrates these processes in two phases, outlined below. Phase 1 (the left-hand side of Figure 1 ): the influx of solar radiation energy and the distribution of this energy among various processes taking place in the atmosphere-sea system. These are: the absorption and scattering of solar radiation in the atmosphere; the transmission through the atmosphere of this radiation and its reflection from the sea surface; its diffusion down into the water, where it is absorbed by water molecules and the dissolved and suspended, organic and inorganic substances it contains. Separate, detailed treatment is given to the absorption of this radiation by Figure 1 . The main elements of the energy balance in the atmosphere-sea system (adapted from Woźniak et al. 2003b) phytoplankton pigments and the partial utilization of this absorbed energy for the photosynthesis of organic matter, that is the supply to the marine ecosystem of the energy its needs in order to be able to function.
Phase 2 (the right-hand side of Figure 1 ): the formation of an upward, water-leaving radiation flux, which is equally important in the shaping of the Earth's climate. This flux consists of two components: short-wave radiation and long-wave radiation. The former consists of sunlight backscattered as a result of multiple scattering in the atmosphere and in the sea, and upward reflection from the sea surface. The latter is thermal radiation, generated, for example, in the sea water and in the atmosphere as they warm up following the absorption of solar radiation and other energy transformations in the sea-atmosphere system.
Most of the processes depicted in Figure 1 are quantitatively exemplified in this paper by measurements made in the Baltic. This was done using the component algorithms of SBOS based solely on satellite data, or such data complemented by hydrometeorological and other data supplied by the relevant services. The various magnitudes governing or describing processes taking place in the sea and in the atmosphere over the sea are illustrated in section 2 (subsections 2.1, 2.2 and 2.3) in the form of maps showing their distribution in the Baltic Sea region.
Another objective of this article is to demonstrate the possibilities of using satellite data for determining the parameters characterizing the optical conditions of marine photosynthesis. These parameters are the depth of the euphotic zone and the photosynthetic index of the basin, which in a way also define the physiological state (including the condition) of the natural plant communities growing there. In detail, they are the maximum possible assimilation number, the maximum quantum efficiency of photosynthesis and the 'factor of non-photosynthetic pigments'. Examples of the spatial distribution of these physiological characteristics of plant communities and the optical conditions in the Baltic will be found in subsection 2.4.
An important partial objective of our work to date on this project has been 1. on the one hand to improve the direct remote sensing of SST, or in the case of overcast skies, to complement SSTs using a forecasting model, 2. and on the other hand, to check and demonstrate the possibilities of using SST distribution maps of the Baltic for identifying certain complex SST-correlated phenomena taking place in this sea, e.g. upwelling events.
Examples of spatial SST distributions determined with the aid of our algorithms and the various complex phenomena identified in the Baltic on their basis are presented in subsection 2.5. In this initial period of the realization of SatBałtyk that we are describing here, we have also been working on the documentation of the effects and hazards in the coastal zone, mainly of the southern Baltic, due to current and expected storm states. To this end we intend to utilize data from the SatBałtyk prognostic models, with satellite data being treated as auxiliary information. In the future this will form an extension to the existing early storm-warning system developed during the 7th Framework Programme of the MICORE Project -Morphological Impacts and Coastal Risk Induced by Extreme Storm Events (www.micore.eu). The assumptions underpinning the development of this early-warning system are described briefly in section 3.
Validation of the SatBałtyk Operational System: some examples
The validations of the preliminary versions of SBOS algorithms, exemplified in subsections 2.1 to 2.4, and the DESAMBEM diagnostic subsystem, will be presented in the form of distribution maps of selected environmental characteristics, namely, the optical characteristics of the atmosphere above the Baltic Sea, and some structural and functional characteristics of the ecosystem governed by these parameters in the sea's many basins. The maps cover practically the entire Baltic region. In order to make meaningful comparisons of the spatial distributions of these characteristics, most of the maps refer to their state at the same time, i.e. the situation in the hours around noon on 24 April 2011. The relevant calculations using the DESAMBEM diagnostic algorithms were carried out on the basis of input data consisting of two kinds of empirical data: 1) remote sensing data from that day acquired from various satellite systems, including MODIS (AQUA), SEVIRI (METEOSAT 9) and AVHRR (NOAA 17, 18, 19) sensors; 2) meteorological data, that is, water vapour pressure, atmospheric pressure at the sea level, sea surface temperature SST. These latter data were obtained from data generated by the operational meteorological model at the ICM Interdisciplinary Centre for Mathematical and Computational Modelling, Warsaw University -http://www.icm.edu.pl/eng/.
Subsection 2.5 outlines the benefits of using prognostic models for estimating SST distributions in areas with overcast skies and for various marine phenomena associated with this temperature. For this purpose the situation at the end of April 2009 was examined, the relevant calculations being carried out using not one but both SBOS subsystems, i.e. the DESAMBEM Diagnostic System and the BALTFOS Forecasting System. The input data for estimating the SST of overcast areas of the sea were the SST values in cloudless areas derived from thermal infrared radiances remotely recorded by an AVHRR sensor (TIROS-N/NOAA) on 28 and 29 April 2009.
Note that below we restrict ourselves to presenting the results of the calculations, without giving details of the algorithms or the mathematical models used to perform them: they would make this article too unwieldy, and in any case some of them have already been published (see References). That is why we now present only the most essential information characterizing the progress of this modelling.
The influx of solar radiation through the atmosphere to the sea surface and its attenuation in the atmosphere
The first stage in the driving by the Sun's life-giving radiation of all the processes governing the existence and functioning of the Earth's ecosystems and its climate takes place in the atmosphere. The processes taking place there determine what fraction of the energy of this radiation entering the upper layers of the atmosphere actually reaches the Earth's surface, and in our specific case, the Baltic Sea surface. They are the complex processes of absorption and scattering of the photons contained in this incoming solar radiation (see flux (1) in Figure 1) . A significant proportion of this radiation is thus absorbed in the atmosphere (flux (2) in Figure 1 ) or, as a result of multiple scattering, changes its direction of propagation and is redirected back into space (flux (2 ′ ) in Figure 1 ), and only a part ultimately reaches the sea surface (flux (5) in Figure 1) . Figure 2 shows a simplified diagram of these processes, leading to the attenuation of the solar radiation flux entering the Earth's atmosphere, from its initial value at the top of the atmosphere to its diminished value at the sea surface. For calculating the reduction in the power of this radiation as a result of its passage through the atmosphere we usually use the simplified radiation transfer equation. In Figure 2 we distinguish three stages in the influx of solar radiation to the sea surface, according to which we carry out calculations. In the first stage we define the downward irradiance E ↓OA at the top of the atmosphere (block 1 in Figure 2 ), which is governed directly by the solar radiation flux entering the Earth's atmosphere. This flux reaching the top of the atmosphere, averaged over time, is known as the Solar Constant (see e.g. Neckel & Labs 1981 , Gueymard 2004 , Darula et al. 2005 ; the instantaneous values of the downward irradiance at the top of the atmosphere E ↓OA , associated with the Solar Constant, depend on the Sun's position in the sky, and on the distance at the instant of measuring between the Earth and the Sun in its elliptical orbit around the Sun. These instantaneous values of E ↓OA are calculated from basic astronomical formulae (e.g. Spencer 1971; see also Krężel 1985 , Dera & Woźniak 2010 The second stage in these calculations yields the downward irradiance E ↓OS of the solar radiation reaching the sea surface from a cloudless sky; here, the influence of clouds on this flux is neglected (Block 2 in Figure 2) . What is taken into consideration is the reduction in downward irradiance due to the attenuation of the solar radiation flux on its passage through the atmosphere by scattering and absorption by atmospheric components such as water vapour, ozone and aerosols. These calculations are performed on the basis of more complex models of optical processes taking place in a cloudless atmosphere (see e.g. Bird & Riordan 1986 , Krężel 1997 . As already mentioned, they take account of the effects of various constant and variable components of the atmosphere on its optical properties, including the variable contents of different types of atmospheric aerosols. These are responsible for the greatest changes in the transmittance of the radiation flux in the atmosphere with the exception of the effect of clouds on this flux.
Finally, the third stage in these calculations involves determining the values of the real downward irradiance at the sea surface E ↓S , associated with the solar radiation flux reaching the sea surface under real atmospheric conditions, that is, when the real states of atmospheric cloudiness are taken into consideration (besides the solar zenith angle; Block 3 in Figure 2 ). Changes in cloud coverage are responsible in the highest degree for changes in the transmittance of the radiation flux through the atmosphere. For these calculations we use an optical model developed by our team, which contains relationships for estimating the transmittance of solar radiation in a real terrestrial atmosphere, completely or party covered by cloud (see Woźniak et al. 2003b .
Calculated in accordance with the above scheme, the magnitudes characterizing the solar radiation flux through the atmosphere to the Baltic Sea surface and the parameters governing its attenuation in the atmosphere, are illustrated in map form in Figure 3 . The maps in Figures 3a to 3c quantitatively illustrate the reduction in the solar radiation flux diffusing through the atmosphere to the sea surface and show the relevant irradiance distributions in the Baltic area over practically the whole spectral range reaching the sea surface (strictly speaking the wavelength interval 300-4000 nm). These are therefore the distributions of the following values: the downward irradiance of a horizontal plane at the top of the atmosphere E ↓OA ( Figure 3a) ; the downward irradiance at the sea surface of solar radiation reaching the sea surface through a real atmosphere but neglecting the effect a) Downward irradiance in the 300-4000 nm spectral range reaching the top of the atmosphere. b) Downward irradiance in the 300-4000 nm spectral range reaching the sea surface (under real conditions but neglecting the effect of clouds). c) Downward irradiance in the 300-4000 nm spectral range reaching the sea surface under real cloudiness conditions, defined on the basis of SEVIRI data (the HRV channel). d) The aerosol optical thickness of the atmosphere (dimensionless) in the Baltic Sea region defined on the basis of AVHRR data (0.64 µm channel). e) Downward irradiance transmittance through clouds over the Baltic, defined on the basis of SEVIRI data of clouds E ↓OS (Figure 3b ), and the downward irradiance at the sea surface under real conditions, that is, the effect of cloudiness is taken into account during the determination of E ↓S ( Figure 3c ). The other maps (Figures 3d, 3e) show distributions of the two most important optical properties of the atmosphere, i.e. those that most strongly differentiate the surface irradiance in various parts of the Baltic Sea. The first of these properties is the aerosol optical thickness of the atmosphere (Figure 3d ), which is the principal factor reducing the downward irradiance from E ↓OA to E ↓OS . The second property is the downward irradiance transmittance through clouds (Figure 3e ), which quantifies the reduction in the downward irradiance at the sea surface due to clouds present in the sky at the time and site of measurement from E ↓OS to E ↓S . Characterizing the solar radiation influx through the atmosphere to the Baltic Sea surface and the parameters attenuating this irradiance in the atmosphere, the maps in Figure 3 merely illustrate certain cases of such processes. They are typical of the hours around noon on sunny spring or summer days, when the sky is cloudless or only slightly cloudy (there are clouds over only small areas of the sea). In this particular case (11:00 UTC on 24 April 2011) the irradiance transmittance by clouds over most of the Baltic was equal to or nearly 100%. It has to be borne in mind, however, that on most days in the Baltic Sea region at different times of the year, but especially in autumn and winter, the sky is often overcast. As a result, the real irradiance during a day, even around noon, is usually very much lower and may vary spatially to a great extent. Evidence for this is provided by the results of earlier studies of the daily irradiance at the Baltic surface in different seasons, carried out in the traditional manner, i.e. without the use of satellites, (e.g. Rozwadowska & Isemer 1998 , Rozwadowska 2004 , 2007 , Keevallik & Loitjärv 2010 , Kowalczuk et al. 2010 , see also the review by Dera & Woźniak 2010) and also by the results of the numerous studies we have started, using the remote sensing methodology described here.
The propagation of sunlight in the Baltic and its distribution among various processes
The next stage in the sunlight-driven existence and functioning of the Earth's ecosystems (here: marine ecosystems) and climate are the processes taking place in and around the sea-atmosphere interface, and then within the sea itself. Figure 1 shows that most of the solar radiation reaching the sea surface (flux (5)) is transmitted across the surface into the water (see flux (7) -total radiation entering the water), and some is reflected from this surface (flux (6) -radiation reflected by the surface) back into the atmosphere. The flux (7) then diffuses 2 down into the water. There it is partially backscattered, and some of this backscattered radiation may reaching the sea surface in various processes in the water, especially its utilization as the energy driving the ecosystem via the photosynthesis of organic matter PSR (adaptation after Woźniak 1985) return to the atmosphere (flux (8) -radiation scattered upwards by the sea water), but most is absorbed by the components of sea water (flux (9) -radiation absorbed in the sea). Flux (9) consists of three components. Two of these are the radiation absorbed by water molecules (flux (10)) and that absorbed by the organic/inorganic substances dissolved/suspended in the water (flux (11) -the radiation absorbed by admixtures other than phytoplankton pigments). We give separate and detailed treatment to the third component of this absorption, namely, the radiation absorbed by phytoplankton pigments (PUR 3 ) and the partial utilization of this absorbed energy for the photosynthesis (i.e. primary production) of organic matter in the sea (flux (13) -PSR 4 ). In other words, this part of the energy utilized in photosynthesis supplies marine ecosystems with the energy essential for their functioning. Figure 4 shows a diagram of this energy supply in marine ecosystems. As one might guess, the mathematical description of this problem, enabling the quantitative estimation of the magnitudes characterizing this process, is extremely complicated. This is because we are dealing here with two not quite complete energy transformations (the absorption of radiation and photosynthesis), which are governed by various environmental factors in an exceedingly complex manner. These energy transformations take place between the following three forms of energy:
• (block 1) -PAR 5 -the radiant energy in the ca 400-700 nm spectral range, contained in the underwater light field, part of which as a result of absorption is transformed into the excitation energy of phytoplankton pigments PUR; another part is lost due to absorption by other components of sea water and yet more is re-emitted to the atmosphere as a consequence of the multiple scattering of the light in the sea;
• (block 2) -PUR -the excitation energy of phytoplankton pigments, i.e. the part of PAR absorbed by those pigments. Photosynthesis converts some of this light energy into chemical energy. Most, however, is dissipated in non-radiant processes (converted directly into heat) or manifests itself in various forms of luminescence (mainly the fluorescence of chlorophyll a);
• (block 3) -PSR -the chemical energy of intramolecular bonds produced as a result of the photosynthesis of the organic matter of phytoplankton, is formed from part of PUR. As we know, this is 'nourishment' for the whole marine ecosystem.
We solved the entire problem, outlined above, of the quantitative description of the energy supply to marine ecosystems, especially that of the Baltic Sea, by deriving the general, comprehensive, semi-empirical 'light -marine photosynthesis' mathematical model (see Woźniak et al. 2003a , Ficek et al. 2003 , and complementing this general model with a series of detailed models, worked out specially for the Baltic Sea, of light-driven optical and biological processes (see Majchrowski et al. 2007 , Woźniak et al. 2007a . With the mathematical apparatus based on these models, the characteristics of sunlight in the Baltic and the distribution of its energy among various processes, including photosynthesis, can be estimated from the remotely sensed input data for these models. This is the foundation of the DESAMBEM diagnostic algorithm ) used in SBOS for calculating the results we are presenting in this paper (see Figure 5 ). Figure 5 illustrates the distributions of the various forms of solar energy arriving during the day time at the Baltic Sea surface and thereafter incorporated into the ecosystem via the photosynthesis of phytoplankton. They are the photosynthetically available solar radiation energy (400-700 nm) PAR (Figure 5a ), the excitation energy of marine phytoplankton pigments, equal to the energy of the radiation absorbed by these pigments -PUR (Figure 5b) , and the energy incorporated into the ecosystem as primary production, that is, the Photosynthetically Stored Radiation (PSR) (Figure 5c) . Finally, Figure 5d shows a map of the quantity of oxygen O 2 released during photosynthesis in the Baltic 6 . All these distributions were determined on the basis of satellite data from the SEVIRI (METEOSAT 9), AVHRR (NOAA 17, 18, 19) and MODIS (AQUA) sensors on 24 April 2011 with the aid of the DESAMBEM algorithm modified as above.
Note that the values of the three forms of energy (spatially integrated along the vertical from the surface to great depths), summarized above in map form ( Figure 5 ) for Baltic waters, characterize the several steps by which solar radiation enters the ecosystem (PAR, PUR and PSR). They are calculated indirectly from satellite data by way of multi-stage calculations. Such calculations can be performed using the light-photosynthesis model, mentioned earlier (e.g. Woźniak et al. 2003a) , and the DESAMBEM algorithm, derived from an expanded version of that model . In the first step of these calculations, remote sensing data are used in combination with the DESAMBEM or some similar algorithm to calculate the surface concentration of chlorophyll a (denoted by C a (0) ≡ C a (z ≈ 0)), which, among other things, provides an indication of the basin's trophicity. In parallel, or alternatively, one can also determine the surface concentrations of other pigments and other constituents of the sea water, various inherent and apparent optical properties of surface waters related to the basin's trophicity, as well as some photosynthetic characteristics of marine plant communities. In subsequent stages of the calculations, the vertical distributions of the magnitudes determined for the surface waters of the basin (i.e. chlorophyll a concentration, optical and photosynthetic characteristics) are found. In the final stage, the vertical distributions of the three forms of energy, i.e. PAR(z), P U R(z) and P SR(z), are calculated, which, in turn, are used to work out the overall values of these energies in the water and to determine the distribution of the quantity of oxygen O 2 released during photosynthesis in the basin. Such calculations for the Baltic for 24 April 2011 are exemplified by the maps Figure 5 showing the daily doses of these energies and the daily amounts of oxygen released during photosynthesis.
It is clear from the above that with the DESAMBEM algorithm one can estimate numerous characteristics of the constituents of Baltic water and its optical properties at different depths, which, in consequence, determine the overall distributions of the various forms of energy associated with the successive stages by which solar energy is incorporated into the ecosystem. Because this paper cannot exceed a certain finite length, we cannot present maps of all these characteristics; we have chosen those showing the most important ones, in Figure 6 in this subsection and in Figure 8 in subsection 2.4. Figure 6 presents maps of the surface chlorophyll a concentration C a (0) and the coefficient of total absorption of light at wavelength 440 nm by dissolved substances and suspended particulate matter in the sea surface water a(λ = 440 nm, z ≈ 0) ≡ a(440; 0). These parameters are determined from ocean colour analysis based on the MODIS (AQUA) data for 24 April 2011. Values of C a (0) were calculated using the algorithm presented earlier, inter alia, in the paper by Woźniak et al. (2008) , while a(440; 0) was calculated with the aid of the formula a(440 nm) = 10 0.096−0.965 log x , where x is the sea's reflectance band ratio for light wavelengths 490 and 665 nm, that is x = R rs (490)/R rs (665).
The radiation balance at the sea surface
The next important application of the methods for remotely sensing marine environmental parameters (indicated in the 'Introduction') that we are testing is their possible use for monitoring processes affecting the quantitative exchange of energy (and also mass) between the sea and the atmosphere (see the right-hand side of Figure 1) . As a consequence, these processes lead to the formation of an upward flux of radiation leaving the Earth, thereby affecting the planet's global energy balance, which has a fundamental influence on its climate. One of the main elements that have to be taken into account in any characterization of this global energy balance is the radiant energy balance, i.e. the balance between the solar short-wave radiation SW at the sea surface (transmitted down and upward) and the long-wave radiation LW (emitted by the sea surface and by the atmosphere); the final balance of these energies is the so-called NET radiation flux. This concept is understood as the following energy difference:
This is the difference between the total radiant energy flux arriving from the atmosphere at the sea surface (SW d + LW d ), and the total radiant energy flux emitted from the sea surface into the atmosphere (SW u + LW u ). , and its corresponding upward and downward components: short-wave -SW u , SW d (like downward irradiance E ↓S in Fig. 3c ) (c, d); long-wave -LW u , LW d (e, f), at 11:00 UTC on 24 April 2011 at the Baltic Sea surface includes radiation emerging from the sea as a result of backscattering within the water) and the long-wave thermal radiation flux emitted by the sea surface LW u . Figure 7 (maps b-f) shows the resultant irradiance of the sea surface NET radiation flux and its corresponding downward and upward components (short-wave -SW d , SW u ; long-wave -LW d , LW u ). For comparison, the map in Figure 7a shows the distribution of the sea surface temperature SST , which bears a strong influence on the NET radiation flux, and is the principal input datum for calculating the radiation balance at the sea surface. The distributions of values on these maps were calculated using the algorithms described in Krężel et al. (2008) , Zapadka et al. (2008) , Woźniak and Krężel (2010) and METEO-FRANCE (2010) . The input data for these algorithms were the SEVIRI (MSG) radiometer measurements and data from the prognostic UM weather model.
In the case shown in Figure 7 , which refers to the situation in the late morning (11:00 UTC on 24 April 2011), the values of the NET radiation flux are positive over the entire Baltic Sea. Nonetheless, this resultant NET radiation flux can also take instantaneous negative values. During the daytime the values of this flux are usually positive, because the downward solar radiation flux SW d is positive. At night, however, the NET radiation flux is normally negative, because the long-wave upward radiation flux LW u , associated with SST , is greater than the long-wave downward radiation flux LW d .
The optical conditions for the photosynthesis of organic matter and the condition of marine plant communities
As already stated in the Introduction, the DESAMBEM algorithm also makes it possible to estimate indirectly, on the basis of satellite data, a numerous set of spatial distributions of various parameters characterizing the optical conditions for marine photosynthesis, such as the depth of the euphotic zone and the photosynthetic index of the waters, as well as the parameters determining the physiological state (including the condition) of the natural plant communities occurring there. These parameters include the maximum possible assimilation number, the maximum quantum efficiency of photosynthesis and the so-called non-photosynthetic pigment factor. Figure 8 illustrates the spatial distributions of the above-mentioned physiological characteristics of the plant communities and optical conditions in the Baltic Sea as recorded at 11:00 UTC on 24 April 2011.
The first two maps in Figure 8 illustrate the distributions of parameters generally characterizing the photosynthetic predispositions of the Baltic basins. Figure 8a shows the range of the euphotic zone in which photo- a) the depth of the euphotic zone z e ; b) the photosynthetic index ε tot ; c) the maximum quantum yield of carbon fixation Φ max ; d) the phytoplankton assimilation number P B ; e) the non-photosynthetic pigment factor f a synthesis takes place, calculated according to the optical criterion (the depth to which 1% of the irradiance PAR(z = 0) penetrates) with respect to the irradiance crossing the sea surface (see e.g. . Figure 8b shows the distributions of the photosynthetic index in the Baltic, i.e. the parameter defining the part of the solar radiation PAR entering the water that is consumed in the photosynthesis of organic matter. It is thus the ratio of the radiant energy flux consumed in primary production under unit surface area of the water column P SR to the radiant energy flux PAR(0) entering the water.
The next three maps in Figure 8 show the distributions of parameters characterizing in a way the condition of phytoplankton resulting from their physiological state, in particular those parameters describing their potential photosynthetic abilities. Figure 8c shows the distributions of the maximum quantum yield of carbon fixation characteristic of a basin. They define the maximum possible ratios of the number of atoms (or moles) of photosynthetically assimilated carbon to the number (or moles) of quanta of solar radiation absorbed under given conditions by phytoplankton pigments (Ficek 2001 , Ficek et al. 2000 . These maximum values are attained at very low irradiances in the sea and are recorded at great depths. The second magnitude characterizing the condition of phytoplankton is the phytoplankton assimilation number -see Figure 8d . This defines the maximum possible rate of photosynthesis in waters of a given trophic type (for a fixed amount of nutrients in those waters and a particular sea water temperature) expressed in numbers of atoms or moles of carbon assimilated in unit time by phytoplankton of unit chlorophyll content. Such maximum rates of photosynthesis are usually recorded at intermediate (photosynthetically optimal) depths, at which irradiance levels are still sufficiently high not to limit the rate of light reactions, yet not so high that destructive photoinhibition of the photosynthetic apparatus comes into play (Majchrowski 2001 , Ficek 2001 ). In the Baltic such optimal conditions usually (in ca 66% of cases) prevail at depths from 1 to 5 m (see Woźniak et al. 1989) . The last of these maps (Figure 8e) shows the distribution of the non-photosynthetic pigment factor, determined for plant communities in Baltic surface waters, that is, in the water layer most exposed to photoinhibitory processes (Woźniak et al. 2007a) . Usually ranging in value from 0.5 to 1.0, this parameter is associated with the ratio in plant cells of photosynthetic pigments to the sum of photosynthetic and photoprotecting pigments (the latter are produced by plants under conditions of high irradiance, i.e. under threat of photoinhibition).
Sea surface temperature SST distributions and temperature-associated phenomena in the sea
An important aspect of our work to date aiming to construct an effective SatBałtyk operational system included the successful attempts to expand the applicability of the earlier DESAMBEM algorithms by linking them up with the packet of algorithms from the BALTFOS Forecasting System. The latter are based on forecasting models and procedures for their calibration by the assimilation of satellite data and other data obtained using the diagnostic subalgorithms of the DESAMBEM (see Figure 1 in Part 1 of Woźniak et al. (2011) , in this issue). As we have already stated, this is essential in the case of the Baltic, where frequent cloudiness partially or entirely precludes the use of satellite sensors for recording radiation in the visible and thermal infra-red bands for diagnosing various parameters of the marine environment (including chlorophyll concentration and SST ). In such cases, interpolation (between points in time-space) of measurements remotely sensed in cloud-free areas is often resorted to. Our trials with respect to SST interpolations in cloudy areas have shown that such geostatic methods would not be very effective in an operational system for the Baltic, because of the long periods for which cloudiness persists there. In our opinion, the most effective and reliable approach would be to use data generated by prognostic hydrodynamic and eco-hydrodynamic models, which assimilate data calibrated with data from satellite estimates and/or data generated using the DESAMBEM algorithm. This is shown by the results of filling in the SST map of the Baltic carried out in various ways for 28 April 2009 (11:52 UTC), shown in Figure 9 . The SST maps are drawn with the aid of a NLSST algorithm (Walton et al. 1998 , Krężel et al. 2005 for cloudless areas on the basis of satellite data recorded with an AVHRR sensor (TIROS-N/NOAA). On that day most of the Baltic Sea area was overcast, and estimating SST from satellite data and using diagnostic algorithms was possible for only small areas of the sea (see Figure 9b) . The area overcast on that day had been 'seen' by the satellite four days earlier, i.e. on 25 April 2009 at 19:15 UTC (see the SST distribution in Figure 9a ). Kriging interpolation with the aid of linear regression was applied to these data to make up the missing SST data on the cloudy 28 April 2009 (see the SST distribution in Figure 9d ). Another way of filling in gaps in SST fields in overcast areas is to use prognostic models. Figure 9e shows the remotely sensed distribution of SST in which overcast areas (Figure 9b ) have been replaced by results supplied by the M3D hydrodynamic model (Kowalewski 1997 , Kowalewski & KowalewskaKalkowska 2011 . The SST distribution interpolated by kriging ( Figure  9d ) does not show up the details of the temperature distribution structure and coincides with the results of the next satellite diagnosis (Figure 9c ) to a lesser extent than the SST distribution obtained with prognostic modelling (Figure 9e ). In particular, the former does not reflect the thermal structures visible in the open part of the sea (for example, the coastal upwelling effect along the Hel peninsula). We can therefore state that prognostic mathematical models estimate data better than statistical methods. This is because these models take into account the physical and other laws governing the spatial distributions of the parameters under scrutiny.
The research results we have achieved so far indicate that our SST distribution maps for the Baltic are also highly suitable for comprehensive oceanological studies. Figure 10 illustrates examples of sea surface temperature (SST) maps and some complex phenomena taking place at sea, identified from these maps, which are usually correlated with temperature distributions. The temperature gradient maps, estimated on the basis of SST maps by means of spatial domain filtration to calculate the gradient towards the maximum local change in SST, were used to identify thermal fronts and subsequently to identify and characterize upwelling events and the extent of spread of terrestrial waters.
The prospects for the system's development
As we mentioned earlier, the aims of the SatBałtyk project were not just to diagnose and forecast the structural and functional characteristics of the entire Baltic Sea, but also to predict and record the effects and threats in the sea's shore zone resulting from current and anticipated storm states. To this end, a system has been developed to address such threats to southern Baltic coasts (see Figure 11 for a simplified block diagram). It is founded on the assumptions of and is an extension and modification of the storm earlywarning operational system (http://micore.ztikm.szczecin.pl/) elaborated by the team of K. Furmańczyk from the University of Szczecin within the framework of the MICORE project, funded from the 7th EU Framework Programme. Essential data for assessing threats to the shore zone with the aid of this system include information on sea levels and wave motion parameters generated by prognostic models, as well as data on shore zone morphology measured in situ. These are the input data for the XbeacheXtreme Beach behaviour model. Xbeach is a morphological model with an open source code, originally developed with the financial support of the US Army Corps of Engineers by a consortium consisting of UNESCO-IHE, Deltares (Delft Hydraulics), the Delft University of Technology and the University of Miami. It operates on the two-dimensional propagation of waves, tides, long-term wave action, sediment transport and morphological changes in the shore zone during a storm. The following processes can Figure 11 . A scheme of the Xbeach system be modelled: wave breaking, wave run-up (Roelvink et al. 2009 ), the magnitude of dune erosion, and the magnitude of shore zone erosion. The physical parameters generated by the model are then analysed in the context of the parameters of possible threats, the so-called SatBałtyk indices, defined like the storm effect indices in the MICORE project. The system will predict and visualize indices such as the occurrence of rip currents, the degree of beach inundation and the magnitude of dune erosion, and will enable the amount of material eroded from the shore zone and the quantity of suspended particulate matter in the water to be estimated.
The results of Xbeach model simulations are analysed with the threshold parameters of SatBałtyk indices in order to assess the forecast threat to the shore zone. Apart from the visualization of the forecasts of the several indices on a public website, a 'storm effect data base' will also be set up as part of this system. This will store information, which can subsequently be used for making further, more detailed analyses of particular phenomena. A test system is at present being constructed with reference to a 14 km long section of dune shore on the western Polish coast, including the Dziwnów Spit (Figure 12 ). In later stages of the project, depending on the availability Figure 12 . Presentation of the system for recording the effects and threats in the southern Baltic shore zone caused by current and anticipated storm states of data, it is anticipated that the system will include shore sections along the Lake Kopań Spit, at Sopot and along the Hel Peninsula.
Final remarks
We regard the present state of advancement of our work on the construction of the final version of the SatBałtyk Operational System for the remote monitoring of the Baltic Sea as satisfactory. It is already possible to make effective use of this system for estimating current values and for forecasting within a certain range selected biotic and abiotic characteristics of this sea. This has been demonstrated by our research results to date, including our estimates of various characteristics of the Baltic environment given in this article. The preliminary results of the empirical validation of the entire algorithm are described. To this end, the magnitudes of ecosystem parameters determined using the algorithm with data from AVHRR (NOAA 17, 18, 19) , SEVIRI (Meteosat 9) and MODIS (AQUA) satellites are compared with the magnitudes of the same parameters recorded at Baltic in situ measurement stations. The relevant errors have been calculated from these comparisons in accordance with arithmetic and logarithmic statistics (Table 1 ). At the current stage of 
Chl a (Ca) 9.9 ±56.6 −3.2 1.68 −40. 
Explanation: the above errors in the satellite estimates are given in accordance with the principles of arithmetic and logarithmic statistics and denote (where Xi, M -measured magnitudes; Xi, C -estimated magnitudes): absolute mean error (systematic):
standard error factor: x = 10 σ log , statistical logarithmic errors:
development of the SatBałtyk algorithm for the Baltic, these errors, typical of remote, spatial estimates, can be regarded as fairly satisfactory. Nevertheless, in order to reduce them, improvement of all the components of this complex algorithm will continue. This series of two papers presents only the possibilities of investigations of Baltic environment with the use SatBałtyk operational system. In the paper were described the exemplary results for selected situations mainly for April 2011. The analyses of seasonal changes of different parameters of Baltic ecosystem are in progress and will be presented soon. 
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